Introduction
At present, it is widely accepted that primary HIV-1 infection is likely the most critical period in which to initiate highly active antiretroviral therapy (HAART) (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . This is because a series of observations have made it clear that the initial interaction between the virus and the host during primary infection determines the pattern and the rate of disease progression (1, 15, 16) . Several studies have provided evidence that initiation of HAART during primary infection is associated with effective suppression of virus replication and spreading, a briefer symptomatic phase, restoration of CD4 + T cell counts, and the preservation of HIV-1-specific T cell responses (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) . Furthermore, recent data suggest that initiation of therapy during primary infection is associated with long-term control of virus replication after HAART is discontinued (3) . However, it is still unclear whether early initiation of HAART is able to interfere with the formation of the pool of latently virus-infected CD4 + T cells that represents a major limitation for the eradication of HIV-1 (17) (18) (19) (20) (21) (22) . The longterm, though partial, control of virus replication seems to require several cycles of structured treatment interruption. A major feature of primary HIV-1 infection is massive immune activation (1) . Immune activation as a general mechanism of HIV-1 infection-associated disease has been proposed in the past by several investigators and has been substantiated by several observations (23) (24) (25) (26) (27) (28) (29) . The immune activation may be deleterious for several reasons. Although HIV-1 may replicate in both quiescent and activated CD4 + T cells (30) , proliferating and activated CD4 + T cells support massive HIV-1 replication and production (31) . High levels of virus replication and massive stimulation of the immune system may lead to clonal exhaustion of HIV-specific CD8 + T cells (32) and rapid elimination of virus-specific CD4 + T helper cells (10) . For these reasons, few studies in the past have tested in HIV-1 infection the effects of therapeutic agents such as cyclosporin A (CsA) (33, 34) that selectively suppress T cell activation. CsA, a cyclic undecapeptide, is an immunosuppressive agent that has been hypothesized to suppress HIV-1 replication indirectly by limiting T cell activation and directly by interference with HIV-1 gag polyprotein processing, resulting in production of noninfectious particles (35) . CsA suppresses T cell activation by directly blocking activation of the genes for IL-2, IL-4, and the IL-2 receptor in T cells (36) , thus inhibiting IL-2-dependent T cell proliferation and differentiation. The results from the above clinical studies were quite disappointing, because there was no evidence of a beneficial effect. In this regard, it is important to underscore that in these studies CsA was used as monotherapy in patients with chronic infection and at advanced stages of disease (33, 34) . However, administration of CsA in monkeys acutely inoculated with simian immunodeficiency virus (SIV) showed a beneficial effect on the kinetics of CD4 depletion (37) . The results obtained in the SIV model of primary infection supported careful exploration of the strategy of interference with the heightened state of immune activation in combination with HAART in primary HIV-1 infection.
In the present study, we tested the hypothesis that the rapid shutdown of immune activation associated with primary HIV-1 infection may be beneficial for both immunologic and virologic measures. The effect of CsA administration in combination with HAART was investigated in a pilot clinical study. To our knowledge, this is the first study that evaluates the effects of CsA in combination with HAART in the treatment primary HIV-1 infection.
Methods
Patients and study design. Between June 1998 and March 1999, nine adults with confirmed diagnosis of primary infection were consecutively enrolled in this phase I/II, open-label, prospective study carried out at the Divisions of Infectious Diseases of the Centre Hospitalier Universitaire Vaudois in Lausanne, Switzerland, and the San Raffaele Scientific Institute in Milan, Italy. All patients were followed for at least 64 weeks. The original protocol planned the evaluation of the immunologic and virologic measures at 48 weeks but was amended to perform the evaluation at 64 weeks. Primary HIV infection was diagnosed on the basis of the presence of an acute clinical syndrome, a negative HIV-1 antibody test, a positive test for HIV-1 RNA in plasma, and the presence of less than three positive bands in a Western blot (screening visit). All patients started therapy consisting of CsA + HAART within 72 hours of screening. Every 12 hours, patients were given oral doses of stavudine (30-40 mg), lamivudine (150 mg), nelfinavir (1,250 mg), and saquinavir soft gel capsules (1,200 mg), in combination with CsA (CsA + HAART cohort). CsA was administered throughout the first 8 weeks of therapy. After 8 weeks, CsA was discontinued and HAART was continued alone. All patients were monitored at screening, at baseline, at days 2, 4, and 7, and at weeks 2, 4, 8, 12, 16, 24, 32, 40, 48 , and 64. The protocol was approved by local institutional review boards, and patients gave written informed consent.
CsA. CsA inhibits T cell activation by interfering with calcineurin and thus IL-2 synthesis and release, in a reversible manner (36) . CsA activity is lymphocyte-specific and blocks quiescent lymphocytes in phase G 0 -G 1 , thus reducing the number of cells that can be activated and support new rounds of HIV-1 infection.
Physiologically, T cell receptor signaling induces an elevation in the concentration of Ca 2+ in the cytoplasm and activates the transcription factor AP-1. Ca 2+ binds to calcineurin, which in turn dephosphorylates the cytoplasmic form of the nuclear factor of activated T cells (NF-AT). Once NF-AT migrates into the nucleus, it forms a complex with AP-1, thus inducing the transcription of genes required for T cell activation, including IL-2. When CsA is present in the cytoplasm, it forms a complex with cyclophilin. The CsA-cyclophilin complex can bind to calcineurin, blocking its ability to activate NF-AT, and therefore inhibiting T cell activation (reviewed in ref. 15) .
In this study, CsA was administered at a dose ranging between 0.3 and 0.6 mg/kg, given orally every 12 hours. Because of the interaction with protease inhibitors, this CsA dose allowed the maintenance of therapeutic plasma levels of CsA ranging between 250 and 450 µg/l, which are comparable to the levels achieved in kidney transplant patients. Plasma CsA levels were monitored at days 2, 4, and 7, and at weeks 1, 2, 3, 4, and 8. A monoclonal antibody competitive assay by enzyme multiplied immunoassay technique (cyclosporin-specific assay; Dade Behring AG, Düdin-gen, Switzerland) was used. In the nine subjects who received CsA along with HAART, plasma levels of CsA were in the therapeutic range at all timepoints, except for patient 1009, who had levels of CsA below 250 µg/l during the first 5 days of therapy.
Control cohort. Although this was not a randomized trial, a control cohort was identified on the basis of the following criteria: (a) diagnosis of primary infection with the criteria mentioned above; (b) the same recruitment period (between 1998 and 1999); (c) a treatment regimen containing double protein inhibitors; and (d) comparable monitoring and follow-up. After the identification of patients meeting these criteria (n = 29), individual charts were reviewed, and follow-up data of weeks 1, 2, 4, 8, 12, 16, 24, 32, 40, 48 , and 64 were included in the analysis (HAART alone cohort). All the patients with primary HIV-1 infection between June 1998 and March 1999 were enrolled in the CSA study.
Determination of plasma HIV-1RNA levels and of cell-associated HIV-1 DNA and RNA. Determination of plasma HIV-1 RNA concentration was routinely performed with the Amplicor HIV Monitor assay (Roche Pharma AG, Basel, Switzerland), which has a limit of detection of 50 RNA copies/ml. An ultrasensitive HIV-1 RNA assay (38) , with a detection limit of five HIV-1 RNA copies/ml plasma, was used on a limited number of samples. Cell-associated DNA and RNA assays (the PCR assay used has a limit of detection of three HIV-1 DNA or RNA copies per 10 6 cells) were performed as previously described (38) .
Flow cytometry. Flow cytometry analysis was performed on freshly isolated PBMCs, as previously described (11) . Anti-CD3, anti-CD4, and anti-CD8 monoclonal antibodies conjugated with either FITC, phycoerythrin (PE), or peridinin chlorophyll were used (Becton Dickinson Biosciences, San Diego, California, USA). Staining with the nuclear antigen Ki-67 was performed as previously described (39) .
Tetrameric HLA molecules. Class I peptide tetramers (tetrameric HLA class I molecules) were produced as previously described (40) (41) . HLA-A2, HLA-B7, HLA-B8, and β2-microglobulin were cloned in prokaryotic expression vectors and expressed in Escherichia coli strains. Heavy and β2-microglobulin chains were refolded by dilution in the presence of the appropriate peptides. For HLA-B7, peptides used were HIV-1 Nef 128-137 (TPGPGVRYPL) and Cytomegalovirus (CMV) pp65 (TPRVTGGGAM). For HLA-B8, we used Nef 89-97 (FLKEKGGL), and for HLA-A2, the peptide was EpsteinBarr virus (EBV) (GLCTLVAML).
Cytokine detection. Intracellular cytokine production was assessed as previously described (41, 42) . PBMCs were stimulated with 10 µg (final concentration) of HIV-1 p55 gag protein or with CMV lysates (1:200 final dilution) and with staphilococcus enterotoxin B (SEB) (200 ng/ml). After 60 minutes of stimulation, 10 µg/ml brefeldin A (Sigma Chemical Co., St. Louis, Missouri, USA) was added to all cultures. Following the 6-hour in vitro activation, cell surface staining was completed using rat anti-human CCR7 antibody (3D12, rat IgG2a) followed by PE-conjugated goat anti-rat IgG(H+L) (Southern Biotechnology Associates, Birmingham, Alabama, USA) and mouse anti-human CD4 CyChrome (Becton Dickinson Biosciences). Cells were then permeabilized with IntraStain (DAKO Corp., Carpinteria, California, USA) and labeled with anti-human IFN-γ allophyocyanin (B27, IgG1) (PharMingen, San Diego, California, USA). T cell activation was assessed simultaneously by staining with anti-CD69-FITC (Becton Dickinson Biosciences).
HIV-1-and CMV-specific lymphoproliferative assays. PBMCs were thawed and resuspended at 37°C in RPMI 1640 medium (Life Technologies Inc., Gaithersburg, Maryland, USA) containing 2% inactivated AB human serum (Sigma Chemical Co.). PBMCs were plated at 2 × 10 5 cells/well in 96-well U-bottom cell culture plates (Corning-Costar Corp., Acton, Massachusetts, USA) and incubated with HIV-1 p24 gag protein (1 µg/well) or CMV lysates (1:10,000 final concentration) for 5 days. Cell cultures were then pulsed with [ 3 H]thymidine (1 µCi/well) for 18 hours. Cell cultures with a stimulation index equal to or greater than 5 higher than the unstimulated control cell cultures were considered positive for HIV-1-specific and/or CMV-specific proliferation.
Statistical analysis. The primary measures of therapy (CsA + HAART and HAART only) effects were changes in plasma HIV-1 RNA and peripheral blood CD4 cell count over time. Changes in peripheral blood CD4 cell count and percentage of CD4 T cells observed in the CsA cohort were compared with those observed in the control cohort. The HIV-1 RNA values underwent log 10 transformation before analysis. The proportion of enrolled subjects who had HIV-1 RNA levels lower than 50 copies/ml was calculated over time (intent-to-treat analysis). Within-subject value changes were compared using the paired Student t test. Results were analyzed by the χ 2 test in the case of dichotomous data and by the Student t test in the case of continuous variables. All P values were two-tailed, and a P value of less than 0.05 was considered to indicate statistical significance.
Results
Patients. Between June 1998 and March 1999, nine adults with a confirmed diagnosis of primary HIV-1 infection were treated with CsA in combination with HAART, and followed for 64 weeks. As planned in the study protocol, CsA was discontinued after 8 weeks in all subjects, who then continued to take HAART alone. In addition, 29 adults with primary HIV-1 infection treated with HAART alone were identified (see Methods). Only after, clinical and biological data were included for comparison (CsA + HAART cohort vs. HAART alone cohort). Interestingly, the clinical and laboratory characteristics prior to the initiation of therapy were comparable in the two groups (Table 1 ). All patients developed signs and symptoms of primary HIV-1 infection (1). Overall, CsA was very well tolerated in all patients, and none of them developed either perturbations in hematologic and biochemistry parameters or opportunistic infections.
Virologic measures. Initiation of therapy induced effective and sustained suppression of HIV-1 RNA replication in both groups over time. No significant differences from baseline in the levels of virus replication were observed throughout the 64 weeks of follow-up ( Figure 1) . Likewise, the proportion of patients attaining plasma HIV-1 RNA levels below 50 copies/ml was comparable at all timepoints in the two groups (90% in the CsA + HAART cohort vs. 86% in the HAART alone cohort, at week 64). In addition, no significant differences (P > 0.05) were found between the two cohorts using an ultrasensitive (limit of detection of five HIV-1 RNA copies/ml plasma) HIV-1 RNA assay (38) in samples collected 12-18 months after the diagnosis of primary infection (data not shown). Furthermore, cellassociated HIV-1 DNA and RNA were determined in PBMCs of six patients belonging to the CSA + HAART cohort and in nine randomly selected patients of the HAART alone cohort. No significant differences (P > 0.05) in either cell-associated DNA or cell-associated RNA were observed in cell samples collected 12-18 months after primary infection. The mean number of HIV-1 DNA copies per 10 6 cells was 273 ± 384 in the CSA + HAART cohort, versus 469 ± 672 in the HAART alone cohort. The mean number of HIV-1 RNA copies per 10 6 cells was 77 ± 41 in the CSA + HAART cohort versus 74 ± 105 in the HAART alone cohort.
Quantitative immunologic measures. As shown in Table 1 , absolute numbers and percentages of CD4 + and CD8 + T cells as well as the CD4/CD8 ratio at baseline were similar in both treatment cohorts. During the first 28 days of therapy, the net increase over baseline values in both CD4 + T cell percentage and cell count was significantly greater in patients receiving CsA in combination with HAART than in those receiving HAART alone, at all timepoints (Figure 2, a and b) . In particular, after only 7 days of therapy, the mean gain in both percentage (14.9% vs. 6.6%, Figure 2a ) and absolute count (615 vs. 123 cells/µl, Figure 2b ) of CD4 + T cells was already significantly greater in the CsA + HAART cohort than in the HAART alone cohort (P = 0.048 and P = 0.027, respectively). The increase in CD4 + T cells was paralleled by a decrease in CD8 + T cell percentage and count (data not shown), inducing a more rapid normalization of the CD4/CD8 ratio in patients receiving CsA + HAART than in those taking HAART alone (1.26 vs. 0.78 at week 4, respectively, P = 0.04).
It is worth noting that the increase in CD4 + T cells observed in patients taking CsA in combination with HAART during the first 4 weeks was not associated with an expansion of the pool of proliferating CD4 + T cells, as measured by the intracellular level of expression of Ki-67 nuclear antigen, which stains cells on cycle. As shown in Figure 2c , the proportion of CD4 + Ki-67 + T cells did not vary significantly in two representative patients receiving CsA + HAART during the first 4 weeks. Furthermore, levels of plasma HIV-1 RNA measured at baseline were positively correlated with changes from baseline in CD4 + T cell counts after 2 weeks of therapy (r = 0.85, P = 0.004, n = 9, Figure 2d ), suggesting that, in patients receiving CsA in addition to HAART, higher levels of plasma HIV-1 RNA at baseline are associated with greater increases in CD4 + T cell counts after 2 weeks of therapy. No significant correlation between these variables was found in patients taking HAART alone (data not shown).
During long-term follow-up, patients receiving CsA in combination with HAART constantly maintained higher levels of CD4 + T cells than those measured in patients taking HAART alone, and the difference was statistically significant at weeks 1 (P = 0.01), 2 (P = 0.04), 4 (P = 0.02), 32 (P = 0.015), 48 (P = 0.03), and 64 (P = 0.007) (Figure 3) . Furthermore, it is worth noting that (a) CD4 + T cell counts were more than doubled after only 7 days of therapy in patients receiving CsA in combination with HAART, suggesting that the greatest benefit in terms of CD4 + T cell numbers was achieved very rapidly after initiation of treatment with CsA in combination with HAART; and (b) this quantitative benefit continued after discontinuation of CsA. As a matter of fact, CD4 + T cell counts continued to increase to a greater extent in the CsA + HAART cohort than in the HAART alone cohort, even after week 8.
Comparing changes in CD4 + T cell counts over time shows that CD4 + T cell counts were significantly higher in patients belonging to the CsA + HAART cohort than in those of the HAART alone cohort in the longterm (P = 0.031 and P = 0.004 at weeks 56 and 64, respectively). Furthermore, changes in CD4 + naive (CD45RA + ) and memory (CD45RO + ) T cells were also assessed in six of nine patients belonging to the CSA + HAART cohort during the administration of CSA. At baseline (e.g., prior to the administration of CSA + HAART), the mean cell count of CD4 + CD45RA + T cells was 200 ± 97 cells/µl of blood. Initiation of therapy was associated with a rapid increase in CD4 + CD45RA + T cells: 299 ± 167 at day 2; 627 ± 438 at day 4; 805 ± 534 at day 7; 590 ± 415 at week 2; 708 ± 414 at week 4; and 654 ± 421 at week 8. Similar changes were observed for CD4 + CD45RO + T cells. The mean
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Figure 1
Mean changes from baseline in plasma HIV-1 RNA levels in patients receiving either HAART only (n = 29) or CsA + HAART (n = 9). CsA was discontinued in all patients at week 8. Data are presented as mean ± SEM. No significant differences between the two treatment cohorts were observed over time. Plasma HIV-1 RNA levels are expressed as log 10 copies/ml.
cell counts of CD4 + CD45RO + T cells were 239 ± 150 cells/µl blood at baseline, 303 ± 172 at day 2; 506 ± 185 at day 4; 508 ± 285 at day 7; 428 ± 188 at week 2; 478 ± 130 at week 4; and 553 ± 247 at week 8. No significant differences (P > 0.05) between the increments of CD4 + CD45RA + and CD4 + CD45RO + T cells were observed at any timepoints. Consistent with the increments observed in the total CD4 + T cell count, most of the increase in the naive and memory CD4 + T cells occurred within 1 week of initiation of treatment with CSA + HAART. Qualitative immunologic measurements. In patients of both treatment cohorts, the proportion of HIV-1-specific CD8 + and CD4 + T cells decreased over time, making the evaluation of these responses in vivo somewhat complex. In particular, the frequency of HIV-1-specific CD8 + T cells detected by tetramer analysis diminished over time, following effective suppression of HIV-1 replication (Figure 4a, upper  panel) . Conversely, the frequency of CMV-specific CD8 + T cells did not vary significantly over time (Figure 4a, lower panel) , nor did that of EBV-specific CD8 + T cells (data not shown). This suggests that the concomitant administration of CsA with HAART during the first 8 weeks did not affect the ability to maintain specific CD8 + T cell responses against viruses other than HIV-1, such as CMV and EBV.
Before the initiation of therapy, mean ± SEM percentages of HIV-1-specific, IFN-γ-secreting CD4 + T cells were comparable in patients receiving CsA + HAART (n = 5) and those taking HAART alone (n = 5), i.e., 0.15 ± 0.05 and 0.10 ± 0.03 (P = 0.7), respectively. Focusing on the population of effector memory CD4 + T cells, which are defined by the lack of the chemokine receptor CCR7 (41, 43, 44) , the percentage of HIV-1-specific, IFN-γ-secreting CD4 + T cells was significantly higher (P < 0.001) in the CD4 + CCR7 -T cell population than in the CD4 + CCR7 + T cells. These findings are in agreement with previous observations from our laboratory (ref. (a) Changes from baseline in CD4 + T cell percentages during the first 28 days of follow-up in patients belonging to the CsA + HAART cohort (n = 9) and to the HAART only cohort (n = 29). Student t test P values of comparisons between the two treatment cohorts were: P = 0.048 at day 7, P = 0.018 at day 14, and P = 0.009 at day 28. (b) Changes from baseline in CD4 + T cell counts (cells/µl) during the first 28 days of follow-up in patients of the two treatment cohorts. Student t test P values of comparisons between the two treatment cohorts were: P = 0.027 at day 7, P = 0.05 at day 14, and P = 0.017 at day 28. Data are presented as mean ± SEM, and a two-tailed P value less than 0.05 was considered significant (a and b). (c) Changes over time in CD4 + Ki-67 + T cell percentages during the first 28 days of follow-up in two representative patients belonging to the CsA + HAART cohort. (d) Correlation between baseline plasma HIV-1 RNA levels and changes from baseline in CD4 + T cell counts at week 2 in the nine patients in the CsA + HAART cohort (r = 0.85, P = 0.004). Plasma HIV-1 RNA levels are expressed as log 10 copies/ml, and the number of CD4 + T cells is expressed in cells/µl. The regression line is shown. A two-tailed P value less than 0.05 was considered significant.
HIV-1-specific, IFN-γ-secreting CD4 + T cells, and most importantly, the proportion of HIV-1-specific, IFN-γ-secreting CD4 + CCR7 -T cells, was significantly higher in patients belonging to the CsA + HAART cohort (n = 8) than in those belonging to the HAART alone cohort (n = 5) (CD4 + T cells: 0.11 ± 0.02 vs. 0.07 ± 0.02, respectively, P = 0.04; CD4 + CCR7 -T cells: 0.19 ± 0.03 vs. 0.09 ± 0.04, respectively, P = 0.02). In contrast, the proportion of CMV-specific, IFN-γ-secreting CD4 + and CD4 + CCR7 -T cells did not vary from baseline values and was comparable in both treatment cohorts. Profiles of two representative patients at forty-eight weeks are shown in Figure 4b . According to previous studies (3, 46) HIV-1-and CMV-specific lymphoproliferative responses were not detectable at baseline in either treatment cohort. After 48 weeks of therapy, these responses were measurable for both HIV-1 and CMV in the majority of patients tested (HIV-1-specific proliferation in four of six patients; CMV-specific proliferation in five of six patients), with a mean stimulation index equal to 20 for the HIV-1 p55 and p24 gag proteins and 49 for CMV lysates. No significant differences were observed between the two treatment cohorts (data not shown).
Discussion
This is the first study to evaluate the safety and the immune-modulating effects of CsA in combination with HAART on the virologic and immunologic responses during primary HIV-1 infection.
The rationale for administering CSA in combination with HAART for 8 weeks is twofold. First, there is massive T cell activation associated with high levels of virus replication during the early phase of infection. Second, it takes at least 8 weeks of HAART to effectively (e.g., 80-90%) suppress virus replication during the initial weeks of infection. The possibility cannot be excluded, however, that the beneficial effects of CSA can be obtained with a shorter period of CSA treatment, for example 4 weeks. Similarly, the rationale for stopping CSA treatment at week 8 also has two parts: (a) achieving suppression of virus replication renders the main mechanism driving immune activation ineffective; and (b) this avoids the toxicity associated with long-term CSA treatment. It is possible that prolonging CSA
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Figure 3
Mean CD4 + T cell counts over 64 weeks of follow-up in patients belonging to the HAART only cohort (n = 29) and to the CsA plus HAART cohort (n = 9). CsA was discontinued in all patients at week 8. Student t test P values of comparisons between the two treatment cohorts were: P = 0.01 at week 1, P = 0.04 at week 2, P = 0.02 at week 4, P = 0.07 at week 8, P = 0.04 at week 16, P = 0.05 at week 24, P = 0.015 at week 32, P = 0.02 at week 40, P = 0.03 at week 48, and P = 0.007 at week 64. Data are presented as mean ± SEM. A two-tailed P value less than 0.05 was considered significant. The number of CD4 + T cells is expressed in cells/µl. treatment beyond 8 weeks may provide additional beneficial effects; CSA treatment may also be beneficial in recent and/or chronic infection. It was not possible to address these issues in the present pilot study, and these important points need to be investigated in future clinical trials. The similar virologic response observed in patients receiving and not receiving CsA over 64 weeks of follow-up is likely due to the fact that HAART alone is sufficiently potent to maximally suppress HIV-1 replication. However, this study did not address the potential effect of CsA in reducing the size of the pool of latently HIV-1-infected resting memory CD4 + lymphocytes in subjects with HIV-1 infection, and therefore further studies are needed to evaluate the magnitude and decay of the latent cellular reservoirs of HIV-1 in antiretroviral and immune-modulating therapeutic interventions. Nonetheless, this study was designed mainly to evaluate the immunologic effects of intervention with CsA in combination with HAART during primary infection. The rationale of the study, i.e., to rapidly shut down immune activation (23) (24) (25) (26) (27) (28) (29) , particularly during primary infection, is supported by a series of observations: (a) primary HIV infection is characterized by a heightened state of cellular activation (1, 11, 12, 27) ; (b) initiation of HAART is accompanied by an increase in the relative proportion of CD4 + T cells that proliferate and/or are activated (1, 16, 39, (47) (48) (49) ; (c) massive productive HIV-1 infection and virus spreading require proliferating and/or activated target cells (31) ; and (d) massive immune activation may lead to exhaustion and rapid elimination of HIV-specific CD8 + and CD4 + T cells (11, 2) .
Consistently, the most striking effect of the addition of CsA to HAART in patients with primary infection was observed on CD4 + T cell responses. Administration of CsA induced a very rapid (within 1 week) restoration of CD4 + T cells, both in terms of percentage and absolute numbers, in the absence of a concomitant increase of T cell production. Furthermore, the early increase in CD4 + T cell counts following treatment with CsA + HAART was predicted by the levels of HIV-1 RNA measured in plasma at baseline. Greater levels of plasma HIV-1 RNA might reflect an earlier diagnosis of primary infection as well as a state of increased cellular activation that is selectively targeted by the administration of CsA. Overall, these results provide support for the hypothesis that, during primary HIV-1 infection, CsA in combination with HAART might drastically decrease the heightened state of cellular activation. This, in turn, may reduce the number of activated CD4 + T cells that support massive virus production, and may prevent sequestration of CD4 + T cells into lymphoid tissue, i.e., the site of antigen presentation and productive HIV-1 infection (50) . Indeed, the greatest benefit in terms of CD4 + T cell numbers was achieved after only 7 days of treatment with CsA, suggesting that CsA probably interferes with the efficacy of the infectious process by reducing the extent of CD4 + T cell death induced by apoptosis, innocent bystander mechanisms, direct virus cytopathicity, or some combination of these during the very early phases of infection.
We made two additional observations worth noting. First, the beneficial effect of CsA therapy on CD4 + T cells continued after CsA treatment was stopped, since the net gain in CD4 + T cells remained significantly greater in patients who had taken CsA + HAART than in those who had taken HAART alone. Second, the coadministration of CsA in these patients was not detrimental to virus-specific CD8 + and CD4 + T cell responses. Although these responses decreased over time after the suppression of HIV-1 replication, the magnitude of specific CD8 + T cell responses against viruses other than HIV-1, such as CMV and EBV, did not vary significantly during or after CsA treatment, suggesting that CsA did have a detrimental effect on these responses. Furthermore, the proportion of HIV-1-specific, IFN-γ-secreting, activated CD4 + and CD4 + CCR7 -T cells, after stimulation with HIV-1 antigens, was significantly higher in patients belonging to the CsA + HAART cohort than in those belonging to the HAART alone cohort. These results suggest that CsA not only induced a persistent expansion in CD4 + T cell counts over time, but also an increase in the proportion of HIV-1-specific, IFN-γ-secreting CD4 + T cells, and particularly CCR7 -T cells, which possess effector cell functions (41, (43) (44) .
Overall, these data suggest that decreasing T cell activation in the very early phases of HIV-1 disease also has a beneficial impact on the long-term course of the infection, contributing to the establishment, following primary HIV-1 infection, of a more favorable immunologic set-point that affects the ultimate pattern and rate of disease progression (1, 11) . It is also worth noting that this is the first study that provides proof that the benefits achieved with HAART during primary HIV-1 infection may be extended via the use of an immune-modulating strategy that interferes with early pathogenic events. These results provide the rationale for the evaluation of CsA and other therapeutic immune-modulating strategies in larger randomized clinical trials.
